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TECHNICAL NOTE D-931

EXPERIMENTAL AND THEORETICAL DEFLECTIONS
AND NATURAL FREQUENCIES COF AN
INFLATABLE FABRIC PLATE

By W. Jefferson Stroud
SUMMARY

Static and vibration tests were performed on an inflatable square
fabric plate supported on all edges. Lateral deflections and natural
frequencies showed good agreement with calculations made using a linear
small-deflection theory.

INTRODUCTION

A structural concept which is being utilized for satellites and
being considered for reentry vehicles is that of the inflatable structure.
Packageability and automatic erectability make inflatable construction
especlally attractive for satellites and space stations. Inflatable con-
struction may also provide a suitable means of bullding reentry vehicles
with low wing loadings in order to alleviate the problem of reentry
heating.

For these applications information is needed on the load-carrying
capabllities and structural characteristics of inflatable structures.
Simple methods of analysis have been used successfully for determining
collapse loads for certain types of inflated structures (refs. 1 and 2);
however, for detailed study of stresses, deflections, vibration modes and
frequencies, and so forth, applications of more refined structural theory
may be necessary. An example of inflated construction which might be
useful as the structure of an inflated reentry glider is an inflated
fabric plate called Airmat. Airmat, which was developed by Goodyear
Aircraft Corporation, consists of two covers of coated woven material
connected by closely spaced flexible fibers called drop cords (fig. 1).

A theory for the structural analysis of inflatable fabric plates, such
as Alrmat, has been presented in detall in reference 3. The purpose of
this investigation is to assess the validity of the theory of reference 3
by comparing experimental static deflections and natural frequencies of
an inflatable fabric plate with the results of calculations made with
this theory.
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SYMBOLS

L - byphrw

HyFEF®

1 - HypHpw

Ept

L - HypeEw

Gt

length of rectangular plate in x- and y-directions,
respectively

extensional stiffness in warp direction of cover

extensional stiffness in fill direction of cover

shear stiffness of cover

structural damping factor

depth of plate

number of half waves in x- and y-directions, respectively

difference between external pressure and internal pressure
in inflatable fabric plate

uniformly distributed external loading per unit area
thickness of one cover
lateral deflection of plate

lateral deflection at center of plate
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X,¥,2 rectangular Cartesian coordinate system
A length~-width ratio of plate
HyF Polsson's ratio associated with a contraction in the fill

direction caused by a tensile stress in the warp direction

HFW Poisson's ratio associated with a contraction in the warp
direction caused by a tensile stress in the fill direction

p mass of plate per unit middle plane area

w frequency

TEST SPECIMEN

Tests were performed on the inflatable fabric plate specimen shown
in figure 2. The specimen was 18 inches square with a 2-inch mounting
1

flange and had a constant depth of l§ inches. Each cover of the plate

was made of two layers of woven nylon with nylon drop cords interwoven
into the inner layer. The threads of the two layers were oriented in
the same directions and were bonded and coated with neoprene to make the
plate airtight. This nylon-neoprene fabric carries the Goodyear Aircraft
Corporation designation number XA2TA209.

The valves located near the corners were used to inflate the plate
and measure the internal pressure. In order to seal the edges of the
plate an additional sheet of woven material was glued to the surface of
the plate at the edge and extended to help form the 2-inch flange around
the plate. The valves and extra material glued to the surface of the
plate represent departures from uniformity which could not be readily
accounted for in the theory of reference 3. Another factor not accounted
for in the theory is the roundness of the plate edges and corners.

STATIC TESTS

Static tests were conducted on the inflatable fabric plate in order
to obtain the deflectional behavior of the specimen. These tests con-
slsted of measuring the lateral deflection of the specimen caused by an
external uniformly distributed loading for variocus internal pressures.



Test Apparatus and Procedure

Figure 3 1s a schematic drawing of the test setup for the static
tests. The inflatable fabric plate was attached to the top of a loading
tank by using the two types of supporting fixtures shown in figure 4.

In one case (fig. 4(a)) the 2-inch flange around the plate was attached
to the fixture so as to simulate simple support. In the other case

(fig. 4(b)) a plywood frame was used to move the effective plate boundary
inside the reinforced region along the boundary of the plate and, at the
same time, to simulate clamped-boundary conditions. Figures 5 and 6 are
photographs of the plate mounted in the plywood clamped-boundary fixture
showing deflection measuring apparatus and pressure-regulating and
pressure-measuring equipment.

In all cases when the clamped-boundary fixture was used, the test
procedure followed was designed to permit, as nearly as possible, a free
buildup of inplane stresses due to internal pressure. The wooden strip
noted in figure 4(b) was glued to the surface of the plate with rubber
cement. With each change of internal pressure this seal was broken and
the clamped boundary released. The plate was reclamped and resealed
after the desired pressure was attained.

The loading on the specimen was applied by pressurizing the airtight
tank over which the specimen was bolted. The loading increments were
approximately 1 psfg. The regulating system used to obtain these rela-
tively small loading increments from a 100 psl supply consisted of two
regulators in series with an orifice, expansion tank, and needle valve.
The loading pressure was measured with a Magnehelic diaphragm pressure
gage. The internal pressure in the plate was controlled with a regu-
lator and measured with a mercury manometer. Figures 3 and 6 illustrate
the pressure regulating and measuring apparatus.

Deflection measurements were made with a dial gage (figs. 3 and 5).
The spring force of the dial gage was sufficiently large to influence
the deflection of the specimen significantly; therefore, this force
had to be eliminated for these tests. The elimination of the dial-gage
force was accomplished by fitting the dial gage with a screw with which
the extension of the gage spindle could be adjusted until it just touched
the surface of the plate. Contact was detected by an electric circuit
which activated an electron-ray tube. This technique is similar to that
described in reference 4.

Results and Discussion

Simply supported plate.- Results of the static tests made with the
use of the simple-support boundary conditions are compared with
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theoretical results in figure 7. Values of the deflection parameter wc/h,
where Wwe 1s the deflection at the center of the plate and h 1is the

plate depth, are plotted against the loading for three values of internal
pressure of the plate. The theory is presented as solid lines and the
test-point symbols represent experimental values. The theoretical deflec-
tions are given by equation (Al) of the appendix with the following values
of material constants: Aj; = 971 pounds per inch, App = 716 pounds per

inch, Ajp = Aoy = 124 pounds per inch, and Azz = 100 pounds per inch.

These constants are typlcal values found in static materials tests made
on the cover fabric. (See ref. 2.) At low internal pressures, accurate
material constants are not essential because most of the deflection is
caused by transverse shear which is not affected by these constants. For
example, at an internal pressure of 5.3 psig, corresponding to the upper
curve in figure 7, 82 percent of the theoretical deflection of the speci-
men is shear deflection.

The agreement between test results and theoretical results is seen
to be good. The double-thick reinforced region near the plate boundary
can be expected to be stiffer than the remainder of the plate. Since
this extra stiffness is not accounted for in the theory, it might be
expected that the theory would yleld slightly higher center deflections
than the tests. It appears, however, that the discrepancies noticeable
in figure T may be partly due to nonlinearity asscociated with large
deflections. (The limit of applicability of the linear theory is
investigated briefly in ref. 3.)

Clamped plate.- Results of the static tests made with the clamped
boundary are compared with theoretical results in figure 8. As in the
simple-support case, values of the center deflection parameter wc/h
are plotted against the loading for three values of internal pressure.
The theory is shown as solid lines and the test-point symbols represent
experimental vaelues. The theoretical calculations were made by using
equation (A2) of the appendix, with the constants Ay, Ajp, Aoy, and

A53 having the same values as in the simple-support case. These

results, consistent with the smaller deflections obtained, are more
nearly linear than the simple-support results.

The agreement between theory and experiment 1s very good except at
an internal pressure of 14 psig. The reason for the discrepancy at this
pressure is not known but may be associated with boundary restraint of
free expansion of the plate on pressurization, which could not be com-
pletely eliminated at this internal pressure by the technique employed.

For the clamped boundary, transverse shear deflections are even
more important than for the simple-support boundary. For example, with a
clamped boundary at an internal pressure of 15 psig, about 91 percent of



the total calculated deflection i1s shear deflection and, at an internal
pressure of 5 psig, about 97 percent of the total deflection is shear
deflection.

VIBRATION TESTS

Vibration tests were performed on the inflatable fabric plate to
obtain the lower modes and frequencies. As in the static tests both
the simple-support boundary and the clamped boundary were used. A
value of the structural damping factor for the first vibration mode
was obtained experimentally for the simple-support boundary only.

Test Appratus and Procedure

The equipment used in the vibration tests consisted of a pulsating
air-jet shaker (ref. 5), a manual response pilckup, and a response indi-
cating and recording system. (See fig. 9.) Because of the flexibility
of the woven covers of the plate, it was necessary to use a probe-type
velocity pickup with a very small spring force - 2 pounds per inch.

For the low frequencies the signal from this pickup was fed into an
amplifier and recording system. Frequencies were obtained from the
graphical records. Above 33 cps the pickup signal was fed into a
Stroboconn frequency indicator from which frequencies could be read
directly. A cathode-ray oscilloscope was used to survey the vibration
phase relationships across the plate to determine the location of node
lines.

As one means of obtaining the structural damping factor in the first
mode, an amplitude-frequency response curve was plotted for the center of
the simply supported plate. The amplitude of vibration at the center of
the plate was determined by using the deflection-measuring technique
described in the static tests. The dial-gage spindle was screwed down
until first contact was made with the plate at its maximum vertical dis-
placement. Contact was ascertained by the blinking of the electron-ray
tube. An alternate determination of first-mode damping was also made by
measuring the rate of amplitude decay at the center of the plate when
the exciting force was removed. This measurement was made with the
velocity pickup in a fixed mount and the output was recorded graphically.

Results and Discussion

Simply supported plate.- In figure 10 the frequency results of the
vibration tests on the simply supported plate are compared with theoreti-
cal results obtained by using equation (Al) of the appendix. In order to
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make the theoretical calculations, values of the material constants Ay,
A1p, A, App, and A33 were required. Appropriate values for dynamic

conditions may be significantly different from the appropriate values for
static conditions. However, in lieu of dynamic material data for the
nylon-neoprene fabric material, the static values for the constants were
used in these calculations.

Theoretical results for frequency are presented as solid lines in
figure 10 and the test-point symbols represent experimental values. The
numbers adjacent to the curves identify the modes according to the number
of half waves in each direction. The small sketches at the right repre-
sent the nodal patterns associated with each of the modes as obtained
in the tests. Because the plate material is woven and has different
properties in the warp and fill directions, certain modes, which in an
isotropic plate would have identical frequencies, have two distinct fre-
quency curves depending on the direction of the node lines. Notice, for
example, the frequency curves for the 1,2 and 2,1 modes and the 1,3 arnd
3,1 modes. The slanting of the node lines indicated for most cases was
caused by the two valves in the corners. The material in these regions
was stiffer and heavier than the plate material proper and tended to
pull the node lines toward the valves. Note that no results are shown
for modes with two node lines in one direction and one in the other
direction. Although frequencies can be calculated for such modes, they
were not found experimentally. The maximum difference between theoret-
ical and experimental frequencies for the simple-support boundary was
11 percent.

The experimental amplitude-response curve for the first mode vibra-
tion of the simply supported plate is shown in figure 11. The test-
points which established the curve are shown by the circles. Character-
istics of the response curve which are pertinent to the determination of
the structural damping factor (see, for example, refs. 6 and 7) are indi-
cated in the plot. The corresponding value of the structural damping
factor was calculated to be g = 0.035 at 9.4 psig internal pressure.
This value was verified by the measured rate of amplitude decay of free
vibration.

Clamped plate.- In figure 12 the results of the vibration tests on
the clamped plate are compared with theoretical results calculated by
means of equations (A6) to (A8) and (A10) of the appendix. As in the
frequency calculations for the simply supported plate, the static mate-
rial constants were used. The theoretical results are shown by the
solid curves. Certain approximations involved in obtaining these cal-
culated results are discussed in the appendix. The experimental results
are shown by the test-point symbols, and nodal patterns are indicated
again by the small sketches at the right. As in the vibration tests
with the simple-support boundary, some of the modes indicated by the
theory were not found experimentally.




The effect of the valves on the nodal patterns was less pronounced -
for the clamped plate than for the simply supported plate because the
boundary was moved in so that the valves were located nearer the boundary
for the clamped plate. The maximum difference in frequency between
theory and experiment in the vibration tests of the clamped plate was
13 percent.

CONCLUDING REMARKS

Results from static and vibration tests on an inflatable square
fabric plate specimen are compared with calculations made by using a
recently developed linear theory for inflatable plates in order to
assess the validity of the theory. Agreement for both static deflec-
tions and frequencies was good even though certain features of the test
specimen were not accounted for in the theory. Transverse shear deflec-
tions were important particularly for the clamped-boundary condition.
Damping for first mode vibration of the simply supported plate was inves-
tigated and found to be fairly low; a structural damping factor of about -
0.035 at an internal pressure of 9.4 psig was obtained.

~N W
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APFENDIX

EQUATIONS FOR INFLATABLE PLATE DEFLECTIONS AND FREQUENCIES

Static Deflection

Simply supported plate.- The static deflection of a simply supported
inflatable plate subject to a uniform lateral load q was found in refer-
ence 3 to be given by

w= > Vo §in Efi sin E%Z (A1)

where

with

LeT]
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and where

% . the

12 71,

A = Aop

22 = 31—

11

- Az3

By = —

In the calculation of the center deflections shown in figure 7, four
terms were retained in equation (Al). The contribution of the remaining
terms was negligible.

Clamped plate.- The static deflection of a clamped inflatable plate
(ref. 3) is given by

o0

o0
= E g Wypn sin X sin 2 (A2)
m= ] b

n=1 a

where a first approximation with terms corresponding to m =1, 2 and
n=1 2 leads to

~ W
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0 -
R R 2
(l - _591,(6 _ip >a11 -5 % (*2312 + Dy - 2 Niez)

and

Wip = Wop = Wpp =0

In addition to symbols already defined,

A=

=

(75 + bgl><Rf> + c1p) - (l:§2>2

Vibration Frequencies

Simply supported plate.- In reference 3 the lateral deflection
modes of vibration of the simply supported plate are found to have
exactly the form

- iwt .
W = Wpne sin Qgﬁ

nny
sin 5 (A3)

where Wy, 1is the amplitude of the m,n component and the frequen-
cles w correspond to the solutions of the equation

k6 - E‘)(QR + amn) + by + cm%kl‘ + [f)eR(R + amn) + f)(R + amn>(bmn + cmn)

+ (bmncmn - dmn2>]k2 - B%REpy, - §amn(bmncmn - d.mn2> =0 (Ak)

where, in addition to quantities already defined,




and
fun = MmSbpn + nfcpy + 2Am dgy

Clamped plate.- In reference 3, the lateral deflection w of each
natural vibration mode of the clamped plate was approximated by the
series

=) z;_ ﬁhneiwt sin ng sin E%Z (A5)

=1 n=1

The first three frequency curves in figure 12 have been obtained by
setting M = N = 2; thus four terms of the series in equation (A5) are
retained.

The lowest mode is given by the solution of the equation

EEEE@ - f)(7\2 + 1} -%137\ - %ﬁ
- 8?7)\ %Kz - P} - ﬁg—?g(ﬁ)\e + KBS) --593 %}‘(KL? + K}}) =0 (a6)
-%13 -292— %)‘(KE + 133) 1‘;—3112 - ﬁhh - %(}\2555 + h-A_gg)

and corresponds to a mode shape such that

The second frequency curve results from the solution of

~N W
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and corresponds to

The third frequency curve results from

% k2 - 13(&7\2 + 1H

and corresponds to

- %f,)\ %5
%“2 -2 ’%(‘*2 + Vzs) % bR + T55) -
— - 2 2 _
% %}\(Al2 + Ai}) %2 i;b - %(}\2&53 + A22)
Wis £ 0
Wip =¥y = Wpp =0

8- 8.
3 B

2 2) - — —

%bﬁkz - % - %()\2 + 1'3) % ll7\(.A]_2 + A33)

13

0 (A7)

=0 (A8)
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Obviously, a curve exists corresponding to the mode for which

The corresponding frequency equation is

%E@ - 5(&7\2 + u] %f’)\ %—,
8- Pho PO xfhfe < 32 ha (T - ~
LA T2 - B - RR08 + W) -2 (E, + R33) -0 (9
% -2 1(Fe + B e B . 108, + pp)

This curve is not shown in figure 12 because the corresponding experi-
mental mode was not clearly established.

For modes beyond the ﬁ22 mode, equation (A5) would have to be
extended to include terms for which m,n > 2.

Consider the consequencies of arbitrarily retaining only one term
in equation (A5), say, the term for which m =1 and n = 2. In this
approximation it can be shown (ref. 3) that rotation of the drop cords
is not permitted to add to the lateral deflections due to shear. The
resulting frequency equation corresponds to retention of only the

term [32 - 5(%? + h)] in equation (A7) and will yield a higher value

of frequency than that obtained from equation (AT). Since shear flexi-
bility is so important in inflatable plates, this pure shear approxima-
tion to the frequency may often be satisfactory. In fact, for the nylon-
neoprene plate specimen, this one-term approximation is only 5 percent
higher than that given by equation (A7) and shown in figure 12.

Note that the corresponding approximation for the third mode with
only the terms for which m=2 and n=1 1in equation (A5) being
retained yields the same frequencies as the second mode. The second and
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third curves are thus replaced by a single curve because the difference
between these two frequencies depends on the properties of the surface
material which are not involved in bure shear deformation.

For the higher modes where shear deformation is even more important,
the one-term approximation can be expected to be still better. For this

reason, it has been used to calculate the higher frequency curves in fig-
ure 12. Thus, the upper three curves are given by the equation

k2 = 5(7\%2 + n2> (A10)

vhere m,n are 1,3; 2,3; and 1,k respectively.



16

REFERENCES

Leonard, Robert W., Brooks, George W., and McComb, Harvey G., Jr.:
Structural Considerations of Inflatable Reentry Vehicles. NASA
TN D-L457, 1960.

leonard, R. W., McComb, H. G., Jr., Zender, G. W., and Stroud, W. g

Analysis of Inflated Reentry and Space Structures. Proc. of
Recovery of Space Vehicles Symposium, Los Angeles, Calif., Aug. 31
Sept. 1, 1960. (Sponsored by Inst. Aero. Sci. and Air Res. Dev.
Command. )

McComb, Harvey G., Jr.: A Linear Theory for Inflatable Plates of
Arbitrary Shape. NASA TN D-930, 1961.

RMW,%wyW”aMBmw%WﬂthUJL:An@wwmme
Method of Calculating the Deformations of Wings Hav.ng Swept, M or
W, A, and Swept-Tip Plan Forms. NACA TN 2978, 1953.

Herr, Robert W.: A Wide-Frequency-Range Air-Jet Shaker. NACA
TN 4060, 1957.

Myklestad, N. O.: Vibration Analysis. McGraw-Hill Book Co., Inc.,
1944, p. 111.

Soroka, Walter W.: Note on the Relations Between Viscous and Struc-
tural Damping Coefficients. Jour. Aero. Sci., vol. 16, no. T,
July 1949, pp. 409-410, 448,

BRI



2K

17

‘U0TIoNIIsuU0D 938Td OTIQBI 9TQBIBTIUT 1801dAL - T 2InST14

spJd0o dodg —

yd

LTC¢T-1

ngm;oo USAOM



18

L-1317

*§9YOUT U] 3IB SUOISUSWTIP TIV

SpJoo douq 8
-1
_

‘uswpoads 3893 9987 -°2 oMIIJ

T *QTOR-09-"1

8| 1

abup | 4



L-1317

Mercury
manometer

Magnehel ic
pressure

gage

- Dial
gage

19

Air supply

Sl

Regulators

Xl

4

Dkl Orifice

Expansion
] tank

Needle
1| valve

EEQQ, Plate specimen

¥

Loading tonk-—J/

Figure 3.- Schematic diagram of static test setup.
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of internal pressure for several natural modes of vibra-
tion of simply supported inflatable plate.



26

L-1317

*81sd 4°6 = aumsgaad ajerd TeUIaUT
*918Td pejaoddns L1dwrs Jo IpoW 3ISITT JI0J aAmd ssuodsag apngpTdiure-£ousnbaxg =17 =an814

sdo ‘Aousnbauy

oV 8¢ 9¢€ 143 A o€
L1 LB L] L] T O
_m.mm\“ | 72.%
|
| 0 N— g9° e
!
J
“ | 4 800°
I
_ |
|
|
|
_ |
_ | 1910°
|
_ ‘U
_ | ‘epn3 1 | duy
|
spnii |dwp ypbad ;0/° {v20°
{zeo°
8pn3 i |dwp Mpayg
4 ov0°



L-1317

200
[ Mode Experiment
41
o
-1, 4 0
160 F
2,3 a
N -- 3, N
1,3 A
120
fFreguency, + 2,1 <
cps
1,2 o
80 r
a]
//,/
a] SN
L = [ o
. - o
T o
/’/ - °©
//// [e]
40 f ~"0
—--—— Theory
0 5 10 15

Internal pressure, psig

27

Nodal
patterns

L]

Flgure 12.- Theoretical and experimental vibration frequencies plotted
against internal pressure for several natural modes of vibration of

clamped inflatable plate.

NASA-Langley, 1961 L=-1%17






VSVN

('saanjonaig ‘zg
{sSpeo] pue sassaayg ‘Ig
WOTNQLOSTP YSYN 1B1])

1€6-0 NL VSYN ‘I
UOSJI3JJaL "M ‘pnodys 1

uoyBurysem ‘vevN wolj ajqeureIqO S3tdor)

*£108Yy) uorjoajap-lews Ieaull e Jursn apew
SuOEINI{ED Yjim judwalzde pood pamoys satouanbaug
[EINJEU PUE SUOTIIIA(Jap |BIIIBT °SISA) 9Y] UI pasn
943m sUONPUOd Arepunoq jroddns-aldwis pue padwel)
*s28pa 1[e uo pajroddns ajerd otiqe} asenbs alqejejut
UE U0 PIWIO)Iad 3134 $)59) UOTIEIQIA PUR DIJEIS

(1£6-Q ALON TVDINHOZL VSVN)

‘6L'0¢ ‘eorrd g1O  ‘duz 1961

d3q0100  "PNOJIS UOSIdIAL ‘M "HLVId OIHgvd
TIVIVTINI NV 0 STIONINDIYL TVHALYN ANV
SNOILOATIHAA TYDILAHOTHL ANV TVINTNIMIIXT
‘UOTRIISTUTWPY 90BdG PUE SOTINBUOIIY |BUOTIBN

1€6-a NI VSVN

VSVN

('saanjonng ‘ge
{Speo] pue $9SSaMS ‘1G
UOHINQLIISTP YSVYN [B1IU])

T€6-d NL VSVN 11
uosIajjor ‘m ‘pnodis ‘1

UOIBUIYSEM ‘VSVN WOI} BIqEUIEIQO S3ldO)

*A103Y) uo1I08jep-{lEWS JEIUI] B 3uUlSn apew
SUOTIBINOTED YjIm Juswaasde pood pamoys setouanbar)
[eIn)eU pue SUOTIDI[JapP [eI3IR] “S)S3] BY) Ul pasn
3I3Mm SUOTIPUOD Arepunoq jroddns-ajduris pue padwel)
*s93pa 11e uo pajroddns 9jeld oriqe; arenbs ajqeje|jur
UE U0 PaWI0}1dd 9I19m 81887 UOTIRIQIA PUB D1EIG

(1£6-a ALON TVYIINHOIL VSVN)

'6L°0$ ‘@01ad §LO  'drg 1961

I3¢03100Q °PnOX}S UOSIdJAL ‘M “HLVIJ JI¥dvd
ITIVLYTINI NV 0 SATONINDTYA TVHNLYN ANV
SNOLLOITAAd TVOLLIYOIHL ANV TVININMHAIXT
‘uonenSWIWPY adedg pue SOTINBUCIIY 1BUOTIEN

1£6-d NL VSVN

VSVN

(*saxmionng ‘gg
{SpEO] pUR SISSAAIS ‘G
UOTIRQLIISIP YSVYN 1e1ITuY)

1€6-d NL VSYN °II
uosJaajjer "M ‘pnoanyg 1

uojdurysem ‘ ysyN wodj arqeureiqo sardo)

*A103Y) uo1ID9YJep-1iBWS IEaUY] B SuIsn apew
SUOTIBINJTed Yjim juswaarde pood pamoys satouanbadj
[BINJBU DUE SUOTIIB|J9p |BI=3IT °S)S3) 9Y) Ul pasn
319 suonIpuod Arepunoq jroddns-a1dwts pue padwe()
*898pa [|e uo pajroddns ajerd oriqey axenbs aiqejelul
UE U0 PaWLIO}Idd I9M §)§9) UOTIEIQIA PUE D1IBIS

(1£6-a ALON TVDIINHOEL VSYN)

'6L°0¢ ‘eorad gLO  ‘duz (1961

I3701200 "pPNOJIg UOSIANAL ‘M "HLV'Id OIHGVd
TIVLVTINI NV J0 STIONANDIAYA TVHALYN ANV
SNOILDATdHA TVILLAYOIHL ANV TVINANMIAIXT
"UOTJEIISTUTWPY 90BdG PUE SOTINBUOISY |EUOTIEN

1€6-0 NI VSVN

VSVYN

('sauanyonag ‘gg
{SpeO] puE S9ssaq)g ‘IG
[uonNgLISTP YSYN 1entug)

1€6-d NL VSVN I
UosIajjaL ‘m ‘pnoxig 1

uojBuTySEM ‘YSYN Wodj a[qeureiqo saydon

*A103Y3 UOI}Da1Jap-11EWS IeaUI] B SUISn 3pEw
SUOLIBINOTED YjIm Juswasade pood pamoys satousnbaa)
leInjeu pue SUOTIOa[jap [BIdIET °S}S3) 8y} ul pasn
dJam’suonIPuod Axepunoq jroddns-ajduits pue padurei)
*sadpa [1e uo pajroddns ajeid orxqej aaenbs ajqeje|jur
UE UO pawao}iad aIam §1§3) UOTIBIQIA PUE OTJRIS

(1£6-Q ILON TVIINHOAL VSVYN)

'6L°0$ ‘@91ad §10  drz 1961

130120 ‘PNOJIS UOSIASL ‘M "HLVId OIHIVd
ITIVLVTINI NV JO SHIONENDIH L TVHALVN ANV
SNOILOETdAA TVOLLIYOIHL ANV TVINAWNMIJXT
"UOTIBIJSTUTWIPY 30vdG PUB SOTINBUOIAY [BUOTIEN

1€6-A NL VSVN




..



